Saponin 15% ∼20% content in the seed cake of Camellia oleifera Abel, from which Camellia oil is squeezed, is a natural nonionic surface active agent and is extensively applied to emulsification, humectation, foaming, medicine, pesticide, and so on. In this paper, the extraction process of saponin was researched through a combining method of alkali solution and acid isolation. A quantitative method for saponin was established by ultraviolet spectrophotometer. The influence of extraction factors was investigated by a single-factor test and a response surface methodology. The results indicated that the optimal extraction conditions of saponin were extraction temperature 68 ∘ C, alkali solution pH 9.1, acid isolation pH 4.1, and liquid-solid ratio 15.9 : 1. The extraction rate of saponin was 76.12% at the optimal extraction conditions.
Introduction
There are about 5 million hectares of Camellia oleifera Abel forests in China. About 202 million tons of mature oil seed, 40 million tons of Camellia oleifera Abel oil, and 162 million tons of seed cake meal can be produced annually [1] . At present, China is the largest country producing Camellia oleifera Abel seed in the world. Saponin, the most important content in seed cake of Camellia oleifera Abel, about 15% to 20%, is a natural nonionic surfactant and exhibits good performance in emulsification, foaming, dispersing, lubrication, and decontamination. Therefore, it can be extensively applied to chemical industry, building materials, agriculture, aquaculture, pharmaceutical and healthcare industries, and so forth [1] [2] [3] [4] [5] . However, most of these seed cakes have long been thrown away as rubbish in China, which results in a waste of saponin resources.
Many extraction methods for saponin from Camellia cake, for example, conventional water extraction, ethanol extraction processes, and some novel techniques (such as absolute ethyl alcohol method, supercritical CO 2 extraction method, and ultrasonic solubilization method) [6] [7] [8] [9] [10] [11] [12] [13] , have been extensively studied over the recent decades. However, water extraction process has problems of high-energy consumption, large evaporation, difficult separation of extracts and low quality of saponin. Conventional ethanol extraction process has problems of high consumption of solvent, long extraction time, and complex equipment as well as high cost of production.
Alkali solution and acid isolation method is a technique for separation and purification by utilizing the acid-alkali difference of components in a mixture, applied to extracting the proteins, flavonoids, and other substances [14, 15] . Alkali solution and acid isolation method can effectively improve extraction rate of the desired product. It also has advantages in investment, handiness of operation, environmental pollution, nonsolvent extraction, and so forth. However, there is few published literature on the application of the alkali solution and acid isolation method to produce saponin from the seed cake of Camellia oleifera Abel.
The extraction of saponin by alkali solution and acid isolation method can possibly be described as follows: saponin from Camellia oleifera cake is a kind of triterpenoid saponin consisting of a fat-soluble pentacyclic triterpenoid unit and a water-soluble sugar unit via carbon-oxygen bond. Some acidic ingredients in saponin (e.g., tannin) can be completely dissolved in a dilute alkali solution. Subsequently, hydrochloric acid is dropwise added to the alkali solution extract to a certain pH value. The saponin with a liposoluble pentacyclic triterpenoid unit will be precipitated from the high polarity acid solution. In the present work, the extraction process of saponin is investigated by means of combining method of alkali solution and acid isolation. A quantitative method for saponin was established by ultraviolet spectrophotometer. The effects of the extraction factors were examined by a single-factor test and a response surface methodology, in order to achieve optimal extraction conditions of saponin from the seed cake of Camellia oleifera Abel.
Experiment and Method

Extraction Process of Saponin.
A typical extraction process of saponin from Camellia cake (after squeezing oil, derived from Fujian Huaren Oil-Grease Company) mainly includes the following 3 steps. (1) Pretreatment of Camellia oleifera cake: the cake was crushed by a grinder and sieved to less than 0.150 mm and then dried for 12 h at 105 ∘ C. The oil in the fine cakes was extracted for 2 h at 80 ∘ C by petroleum ether in a Soxhlet extractor. Meanwhile, 10∼15% Camellia oil could be gained from the extract liquor. The deoiled cakes were dried at 105 ∘ C to achieve constant weight. (2) Alkali solution: the prepared cakes were dissolved into a mixed solution of borax and sodium hydroxide and then heated and stirred for some time, following a centrifugal separation in order to remove solid impurities. (3) Acid isolation: hydrochloric acid (20 v%) was dropwise added to the centrifugal liquor to achieve a certain pH value. White precipitate was separated out immediately. After freeze-drying and centrifugal separation, the yellowish-brown saponin could be obtained. The flowchart of the extraction process of saponin is shown in Figure 1 .
UV Analysis of Saponin after Colorimetric Reaction by
Vanillic Aldehyde and Concentrated Sulfuric Acid. The blend of vanillin and concentrated sulfuric acid can be utilized to react with saponin to produce red solution, which is considered as a typical colorimetric method in order to quantify the amount of saponin. Therefore, we determined the content of saponin extracted by colorimetric reaction using vanillic aldehyde and concentrated sulfuric acid. A typical procedure is described as follows: 0.5 mL standard solution of saponin was placed into a test tube with a stopper. 0.5 mL of vanillin dissolved in absolute ethanol (8% w/v) was then added to the tube cooling in ice water. 4 mL of 77 v% sulfuric acid was dropwise added to the foregoing solution and shaken well. The tube was heated for 15 min at 60 ∘ C and then cooled. A UV spectrophotometer was employed to measure the absorbance of prepared solution for quantitative analysis, at 547 nm of the maximum absorption wavelength. 
where is the absorbance of prepared solution at 547 nm and is the mass concentration of saponin (%). The correlation coefficient ( 2 ) is 0.9967. The saponin content of crude Camellia oleifera cake is 18.9 w%, measured by this standard curve.
Experimental Design.
Firstly, a series of single-factor experiments, such as liquid-solid ratio (Camellia oleifera cake/alkali liquor, w/v), alkali solution pH, extraction temperature, extraction time, and acid isolation pH, were carried out to evaluate the effects of these factors on saponin extraction. Then, a three-level, four-factor Box-Behnken design [16] (response surface methodology) was employed for optimizing the process. The extraction rate of saponin (extraction quality of saponin from sample/original quality of saponin in sample × 100%) was used as the indices in evaluating the results of extraction. The independent factors and levels of experimental design with observed values for the response are given in Tables 1 and 2 . The factors and levels studied in obtaining saponin were determined on the basis of factorial experiments, such as liquid-solid ratio, alkali solution pH, extraction temperature, and acid isolation pH.
Results and Discussion
Single-Factor Experiments
Effect of Liquid-Solid Ratio on Saponin Extraction.
The influence of liquid-solid ratio on saponin extraction was carried out at alkali solution pH 10, extraction temperature 60 ∘ C, extraction time 60 min, and acid precipitation pH 3. The result is shown in Figure 2 . The extraction rate of saponin went up from 31.8% to 55.9% with liquid-solid ratio increased from 5 : 1 to 15 : 1, respectively. However, when liquid-solid ratio was more than 15 : 1, the saponin extraction rate decreased slightly and became stable. Besides that, excess extraction solvent could lead to the difficulty in saponin concentration after extraction. Therefore, the appropriate ratio of liquid to solid (mL/g) is around 15 : 1. Figure 3 shows the influence of alkali solution pH value on saponin extraction, carried out under similar conditions as mentioned in Section 3.1.1. The fat-soluble pentacyclic triterpenoid unit in saponin cannot be dissolved in a solution with too low alkali solution pH value but may be destroyed with too high pH value. From Figure 3 , it can be seen that the appropriate alkali solution pH value is from 9 to 11. Meanwhile, we detected more impurities in a higher pH value solution. Therefore, the appropriate alkali solution pH value should be around 9.
Effect of Alkali Solution pH Value on Saponin Extraction.
Effects of Extraction Temperature and Extraction Time on
Saponin Extraction. The influence of extraction temperature on saponin extraction was shown in Figure 4 . It is obvious that the most optimal extraction temperature is around 70 ∘ C. Saponin was not apt to dissolve in the solution under a low extraction temperature, while some structures of saponin might be destroyed at a high extraction temperature. The extraction rate of saponin revealed a general uptrend with extraction time extended, illustrated in Figure 5 . However, the extraction rate tended to be stable after 90 min. Although the content of saponin in extraction solvent rose when extraction time was increased too much, the mass transfer force between saponin in Camellia cake and solvent was decreased, and the extraction system even was brought into dynamic equilibrium. So, a long extraction time will lead to the decline of extracting efficiency of saponin and a high cost. Figure 6 indicates the influence of acid isolation pH value on saponin extraction. The extraction rate of saponin was distinctly up from 23.5% to 66.2% when the acid isolation pH value was increased from 1 to 4. Saponin may partially hydrolyze or redissolve in the solution with high acidity. Meanwhile, when the pH value of the solution was too high (e.g., more than 5), saponin may be difficult to precipitate from the mother solution. Thus, the appropriate acid isolation pH value is around 4.
Effect of Acid Isolation pH Value on Saponin Extraction.
Analysis of Response Surface.
Response surface methodology used in this study is an efficient statistical technique for modeling and optimization of multiple variables to predict the best conditions with a minimum number of experiments [17] .
The levels of saponin extraction rate in extracted substance from the twenty-nine sets of variable combinations (Table 2) were fit into a quadratic regression equation by using the software Design-Expert 8.0. The estimated values of constant coefficients and analysis of variance were shown in Table 3 , and the regression model for saponin extraction rate ( ) was predicted as follows: 
where is the extraction temperature, is the alkali solution pH, is the acid isolation pH, and is the liquid-solid ratio. values determine the significance of each coefficient, and a higher significance of the corresponding coefficient is Journal of Chemistry indicated by a lower value [18] . In Table 3 , the values from model, , , , and items were less than 0.001. It can be stated that the predicted model was extremely significant. Meanwhile, the order of effects of different factors on saponin extraction rate was liquid-solid ratio > acid isolation pH > alkali solution pH > extraction temperature, suggesting that they were significant for the optimization of extraction of saponin from Camellia oleifera cake. Analysis of model reliability in Table 4 showed that high -squared (0.9797, close to 1.0), low coefficient of variation (2.21%), and similarity of adjusted -squared and predicted -squared indicated the high reliability of this model.
The response surface plots based on the model were shown in Figures 7(a)-7(f) . Figure 7(a) showed the relationship between extraction temperature and alkali solution pH value, holding another two variables constant (liquidsolid ratio = 15.0 mL/g, alkali solution pH value = 4.0). As extraction temperature (e.g., alkali solution pH value = 8) or The extraction rate (%) alkali solution pH value (e.g., extraction temperature = 60 ∘ C) increased, the response value went up or down evidently, suggesting that the effect from interaction of extraction temperature and alkali solution pH value on saponin extraction rate was very significant. Similarly, Figures 7(b) and 7(c) showed that the interaction effects between extraction temperature and acid isolation pH value and between extraction 6 Journal of Chemistry Extraction rate (%) Corresponding response surfaces for extraction rate of saponin from Camellia oleifera cake. (a) Interaction effect between extraction temperature and alkali solution pH value on extraction rate of saponin; (b) interaction effect between extraction temperature and acid isolation pH value on extraction rate of saponin; (c) interaction effect between extraction temperature and liquid-solid ratio on extraction rate of saponin; (d) interaction effect between acid isolation pH value and alkali solution pH value on extraction rate of saponin; (e) interaction effect between alkali solution pH value and liquid-solid ratio on extraction rate of saponin; (f) interaction effect between acid isolation and liquid-solid ratio on extraction rate of saponin.
temperature and liquid-solid ratio both were important for saponin extraction rate. Figures 7(d) , 7(e), and 7(f) described the interaction effects between acid isolation pH value and alkali solution pH value, between alkali solution pH value and liquid-solid ratio, and between acid isolation pH value and liquid-solid ratio on the extraction rate of saponin, respectively. All of the response values changed gently, implying that the three interactions had no significant effects on the response. Considering all responses mentioned above, the optimal extraction temperature, alkali solution pH value, acid isolation pH value, and liquid-solid ratio for obtaining saponin extraction rate were determined by ridge analysis. Extraction using a combination of extraction temperature 68 ∘ C, alkali solution pH 9.1, acid isolation pH 4.1, and liquid-solid ratio 15.9 : 1 provided an opportunity to obtain the maximal extraction rate of saponin from Camellia cake. The predicted optimal saponin extraction rate corresponding to these values was 75.79%.
Three parallel replication experiments for verifying the predicting maximal extraction rate of saponin were performed under the above conditions. The result obtained by calculating the average of saponin extraction rate was 76.12%, which was in close agreement with the predicting maximal extraction rate of saponin, confirming once more the suitability of the empirical model for quantitative predictions.
Compared with some findings of others, the combining method of alkali solution and acid isolation for tea saponin extraction has obvious advantages. For instance, Liu et al. [19] extracted tea saponin from oil-tea Camellia seed cake by a conventional ethyl alcohol technology. They obtained only an extraction rate of 15.99% under the optimal extraction conditions: extraction temperature 77.0 ∘ C, extraction time 1.5 h, and liquid -solid ratio 5 : 1. He et al. [6] recently reported an improved extraction method using microwave-assisted apparatus. Although the extraction time was reduced from 6 h to 4 min and organic solvent was saved by about 50%, the processing craft was complex and the extraction yield was still very low (about 14%). Alkali solution and acid isolation method is extensively applied to extract the proteins and flavonoids but rarely reported for tea saponin extraction. From the above results and discussion, it can be seen that the combination method has obvious advantages in relatively simple process, nonuse organic solvent, low cost, and so on.
Conclusions
The extraction process of saponin from Camellia cake was studied through a combining method of alkali solution and acid isolation, using the blend of sodium hydroxide and sodium tetraborate solution as an alkali buffer solution for protecting the saponin against destruction from alkali solution. This method can effectively improve the extraction rate of saponin and shorten the extraction time. In particular, no organic solvent was employed in the process of alkali solution and acid isolation, achieving low pollution and low cost. Process conditions for extraction saponin from Camellia cake were analyzed and successfully optimized by single-factor experiments and response surface methodology.
The effects of liquid-solid ratio, acid isolation pH value, alkali solution pH value, and extraction temperature on extraction rate of saponin from Camellia oleifera cake were significant. The influence order was the liquid-solid ratio > acid isolation pH > alkali solution pH > extraction temperature. Optimized extraction conditions were as follows: extraction temperature 68 ∘ C, alkali solution pH 9.1, acid isolation pH 4.1, and liquidsolid ratio 15.9 : 1. Under the optimum conditions, the optimal saponin ratio was 76.12%.
